Formation of the Central Transantarctic Mountains, Antarctica, are assigned to the 13 corystosperms (seed ferns) and conifers. Both groups have been previously described from this 14 formation based on juvenile stems with attached leaf bases and decorticated trunks. Here we 15 describe large axes with preserved bark from the Fremouw Peak permineralized peat locality.
16
The specimens are characterized by a small parenchymatous pith with clusters of sclereids, a 17 thick cylinder (> 10 cm) of pycnoxylic wood, and 1-2 cm of bark containing distinctive clusters 18 of sclereids and a complex system of cortical vascular bundles. Comparison with axes previously 19 described from the Middle Triassic of Antarctica shows that the new specimens are most similar 20
to Kykloxylon, a corystosperm genus based on young stems bearing Dicroidium leaves, and with 21 a portion of axis previously described as Rhexoxylon like. We suggest that both the new 22 specimens and the Rhexoxylon-like axis represent proximal parts of a Dicroidium/Kykloxylon 23 plant that possibly had a fluted trunk base, and we discuss the problem of delimiting features in 24 corystosperm axes.
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Evidence of forest growth in Antarctica during the Triassic consists of in situ stumps and 32 scattered woody axes, some preserved in permineralized peat. Paleogeographic reconstructions 33 (e.g., Parrish, 1990 ) and tree-ring data (Taylor and Ryberg, 2007) indicate that these trees were 34 growing in a temperate high-latitude environment characterized by a strongly seasonal light 35 regime. Continued investigations of early Middle Triassic permineralized peat from Fremouw 36
Peak in the Central Transantarctic Mountains have revealed that almost all major groups of 37
Triassic gymnosperms were able to grow in these unusual conditions (see list in Taylor and 38 Ryberg, 2007) . Anatomically preserved stems include the cycad Antarcticycas, reconstructed as 39 a small plant with a short upright or possibly subterranean stem (Smoot et al., 1985; Hermsen et 40 al., 2009 ) and axes with a significant amount of pycnoxylic wood. Among the later, young stems 41 or branches with attached leaf bases have been assigned to the conifers and seed ferns, 42 specifically the podocarps (Notophytum, Meyer-Berthaud and Taylor, 1991) and corystosperms 43 (Kykloxylon, Meyer-Berthaud et al., 1993) . The affinities of large pieces of wood found at 44
Fremouw Peak are, however, more problematic. In situ decorticated stumps of Jeffersonioxylon 45 from contemporaneous or slightly younger deposits of nearby Gordon Valley were initially 46 compared to the podocarps based on wood anatomy (Del Fueyo et al., 1995) . The presence of 47 leaf mats of the corystosperm morphogenus Dicroidium Gothan in the rocks which contained the 48 stumps, however, led Cúneo and his collaborators (2003) to assign the wood to the 49 corystosperms. In addition to these specimens, the outer part of a large axis with dissected 50 secondary xylem from Fremouw Peak has been compared to Rhexoxylon Bancroft (Taylor, 51 1992) . This genus, which is documented in Triassic-Lower Jurassic localities of South America 52 and southern Africa (e.g., Walton, 1924; Archangelsky and Brett, 1961; Anderson and Anderson, 53 1983; Artabe et al., 1999; Bodnar, 2008) , is traditionally assigned to the corystosperms based on 54 co-occurrence with Dicroidium foliage in the Ischigualasto Formation of Argentina 55 (Archangelsky, 1968) .
56
In order to elucidate the affinities of the permineralized trees from the Fremouw Peak 57 locality and to compare them in more detail to taxa found elsewhere in Gondwana, we searched 58 for specimens providing additional anatomical information. In this report, we describe portions 59 of trunks with well-preserved bark tissues. The presence of bark, which is rarely preserved in 60 fossils, provides new information on the anatomy of these trees and allows for a more detailed 61 comparison, especially with previously described juvenile axes from the Triassic of Antarctica.
62
The term bark is used here, as defined by Esau (1965, p. 272) , to include all the tissues located 63 outside the secondary xylem, i.e., secondary phloem, primary phloem (if present), primary cortex 64 (if present), and periderm. The epithet extraxylary is used here to designate structures located 65 outside the secondary xylem but not part of the bark as defined above, i.e., vascular bundles. 66 67
Material and methods

68
The specimens were collected from a col on the north side of Fremouw Peak in the 69
Beardmore Glacier area, Transantarctic Mountains, Antarctica (84°17'41" S, 164°21'48" E).
70
They occur within the upper Fremouw Formation in permineralized peat, which is regarded as 71 early Middle Triassic based on palynomorphs (Farabee et al., 1990) . The specimens are silicified 72 3 and were studied using the cellulose acetate peel method (Galtier and Phillips, 1999) after the 73 polished surface was etched for 2-3 min in 49% hydrofluoric acid. Some of the peels were 74 scanned at 1200 dpi using a flatbed Epson Perfection V750 Pro scanner. Selected portions of 75 peels were also mounted on microscope slides with Eukitt® medium for microscopic observation 76 and photography. Cell and tissues measurements were made using Wright Cell Imaging Facility's 77
ImageJ software (Rasband, 1997 (Rasband, -2009 In the largest specimen, the amount of preserved secondary xylem is up to 10 cm in thickness 95
and is slightly wedge shaped in cross section (Plate I, 1, 2) . The tissue is composed exclusively 96 of tracheids and narrow, parenchymatous rays (Plate I, 3) . Numerous growth rings are present, 97 each characterized by a small number of latewood tracheids. These show no significant increase 98 in cell wall thickness compared to the earlywood tracheids, but are narrower in radial diameter 99 (Plate I, 3) . In some cases, the secondary xylem contains a so-called abnormal ring, characterized 100 in transverse section by the presence of several discontinuous radial layers of parenchymatous 101 tissue (Plate I, 4) . These layers can occur within a typical growth ring, which indicates that they 102 may have formed during the growing season.
103
One of the specimens (15,830) also includes parenchymatous sectors that interrupt the 104 secondary xylem cylinder (Plate I, 1, 2, 5) . The anatomy of these regions is comparable to that of 105 the inner bark (see §3.2.) and consists of parenchymatous tissue containing scattered groups of 106 thick-walled cells and small wedge-shaped vascular bundles with secondary growth (Plate I, 5) .
107
Most of the bundles have the same general orientation as the trunk, i.e., vertical, but a few follow 108 a more oblique course. On both sides of the parenchymatous sectors, the secondary xylem of the 109 trunk forms small wedges that extend in toward the parenchymatous interruption (Plate I, 5) . In 110 cross section, growth rings also appear curved inward on both sides of the parenchymatous 111 sector (Plate I, 5) .
112
Secondary xylem tracheids are square to polygonal in cross section and about 38 µm in 113 diameter (Plate I, 3) . They have 1-3 rows of bordered pits on their radial walls (Plate I, 6) rounded to pointed at the top and bottom of the rays; they measure 31 x 52 µm. Cross-field 119 pitting usually consists of several small, circular-to-oval pits (Plate I, 6, 8, arrowheads) . Cross-120 field pits with horizontally elongated apertures are present in some cases (Plate I, 9 The sclereids range from 20-120 µm (average 60 µm) in diameter and have walls up to 27 µm 136 thick; primary pitting is visible in some cells. In areas where there are no extraxylary vascular 137 bundles, clusters of sclereids occur in a somewhat regular arrangement and are visible extending 138 outward to the periderm (Plate II, 5) . In some specimens (e.g., 15,830; 11,700) there are no 139 sclereid clusters in the inner bark, but they are present and regularly arranged in the outer bark.
140
The outermost region of the bark consists of a thin periderm that can show a very 141 irregular course in cross section, most likely linked to the production of lateral organs (Plate I, 1-142 2; Plate II, 1, 6). The periderm has a relatively constant thickness of about 700 µm and is 143 composed of up to 40 layers of radially aligned, thin-walled cells that are rectangular in cross 144 section and about 15 x 30 µm (Plate II, 5, 6) . In several specimens, areas with an anatomy 145 similar to that of the bark and delimited by the same type of periderm are visible around the 146 specimens (Plate II, 6 ). These could either indicate the production of several layers of periderm 147 or the presence of the base of lateral organs that remained attached to the trunk. Because all the 148 specimens represent only small sectors of trunks, it is not possible to determine accurately the 149 anatomy and course of these putative lateral organs.
150
Vascular bundles with both secondary xylem and phloem occur in the bark and can vary 151 in diameter (Plate I, 2; Plate II, 6, arrowhead; Plate III, 1); many are wedge shaped in transverse 152 section (e.g., Plate II, 6, upper arrowhead) . Secondary xylem is usually eccentric, i.e., much more 153 developed on one side of the bundle (Plate II, 6 ), but in a few instances is equally developed on 154 the two sides (Plate III, 1 The new specimens from the Fremouw Formation are characterized by a combination of 185 a thick cylinder of pycnoxylic wood and parenchymatous bark with regularly arranged clusters 186 of sclereids, as well as many vascular bundles that extend through the bark. The significant 187 amount of parenchyma in the bark and the apparently complex arrangement of extraxylary 188 bundles are somewhat similar to that of the cycadophytes. In both Cycadales and Bennettitales, 189 however, stems typically exhibit only a narrow cylinder of secondary xylem compared to the 190 width of the pith and cortex, a different configuration from that of the new Fremouw Peak axes.
191
A few cycadophytes, however, produce a relatively large cylinder of wood; e.g., the extant cycad 192
Dioon spinulosum can produce up to 10 cm of wood (Chamberlain, 1911) . Antarcticycas is 193 currently the most completely known fossil gymnosperm from the Fremouw Formation, with 194 anatomically preserved stems, roots, leaves, cataphylls, and possible male cones (Smoot et al., 195 1985; Hermsen et al., 2009 Cross-field areas consistently show one to four, usually two large (7 x 12-24 µm), oval-to-219 rectangular simple pits. This differs from the specimens described in this paper, which 220 commonly have 2-3 rows of radial pits and cross-field areas with numerous small, circular-to-221 elongate pits. Young stems of Kykloxylon fremouwensis are assigned to the corystosperms based on the 246 mode of production of leaf traces in the stems and anatomy of the leaves; leaves are those of 247 Dicroidium fremouwensis from the same locality (Pigg, 1990; Meyer-Berthaud et al., 1992 , 248 1993 . Kykloxylon stems possess a parenchymatous pith containing secretory cavities and 249 sclerotic nests comparable to the clusters of sclereids observed in the new trunks. The secondary 250 xylem of Kykloxylon is characterized by tracheids with 1-3 rows of opposite-to-alternate pits on 251 their radial walls, a configuration which is also similar to the new trunks with preserved bark.
252
Kykloxylon has 3-9 pits in the cross fields; pits are oval to elongate and range from 7 x 10 µm to 253 10 x 25 µm, an arrangement and size comparable to that observed in the wood of the new trunks. Conifers and corystosperms co-occur in numerous Triassic localities throughout 334
Gondwana. Both groups include large trunks with well-developed pycnoxylic wood, so 335 distinguishing them solely based on the anatomy of decorticated axes can be problematic. 336
Indeed, similar features of the primary and secondary vascular system can be found in Triassic 337 conifer and corystosperm stems, and there are examples of taxa initially described as conifers 338 that have been reassigned to the corystosperms, e.g., R. cortaderitaense (Bodnar, 2008) , which 339 was previously assigned to Protophyllocladoxylon Kräusel. Rhexoxylon Bancroft clearly differs 340 from contemporaneous conifers by its mesarch primary xylem maturation, complex system of 341 perimedullary bundles, and development of centripetal and centrifugal secondary xylem and 342 phloem (e.g., Walton, 1924; Archangelsky and Brett, 1961) . Other genera more recently included 343 in the corystosperms, however, have endarch primary xylem maturation and lack perimedullary 344 bundles, e.g., young stems of Kykloxylon from Antarctica (Meyer-Berthaud et al., 1993) and late 345
Middle Triassic Cuneumxylon trunks from the Paramillo Formation of Argentina (Artabe and 346 Brea, 2003). As far as wood anatomy is concerned, stems currently assigned to the 347 corystosperms possess secondary xylem with uniseriate rays and 1-3 rows of pits on the radial 348 wall of tracheids, a configuration that also occurs in numerous taxa of Mesozoic conifers (e.g., 349
Philippe and Bamford, 2008). Araucarioid and podocarpoid types of cross-field pitting have been 350 described in taxa assigned to both groups. Rhexoxylon africanum has only one large pit in each 351 cross field, but there is significant variation in both shape and number of cross-field pits within 352 the genus Rhexoxylon (see Artabe and Brea, 2003, Umkomasia ovulate structures. However, the different organs are typically found detached in the 359 fossil record or are attached but preserved in compression, so the stem anatomy remains 360 unknown (Axsmith et al., 2000; Anderson et al., 2008) . The assignment to the corystosperms of 361 anatomically preserved axes from Antarctica is based on association with Dicroidium leaf mats 362 in the case of Jeffersonioxylon trunks (Cúneo et al., 2003) . In the case of Kykloxylon, the 363 evidence is much stronger, based on the presence of attached leaf bases with an anatomy similar 364
to Dicroidium leaves, especially the presence of diagnostic secretory cells in the cortex of stems, 365 leaf bases, and leaves (Pigg, 1990; Meyer-Berthaud et al., 1992 , 1993 . The assignment of 366
Rhexoxylon stems to the corystosperms is based on their repeated association with compressed 367
Dicroidium leaves in the Ischigualasto Formation of Argentina (Archangelsky, 1968) . Although 368
Archangelsky and Brett (1961) described the presence of a complex leaf base in R. pianitzkyi, no 369 clear anatomical connection between Rhexoxylon and Dicroidium has ever been conclusively 370 demonstrated in silicified specimens. Consequently, the only stem attached to Dicroidium-like 371 mechanisms, may not be reflected in this document. Changes may have been made to this work since it was submitted for publication. A definitive version was subsequently published in Review of Palaeobotany and Palynology 163: 26-34, doi:10.1016/j.revpalbo.2010.09.002 10 foliage with anatomy is Kykloxylon, and the similarities of the new trunks described in this paper 372 to this genus are a good indication of their corystosperm affinities.
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